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Abstract 
Factors such as an increase in patient numbers, demands for more hospital beds, and expansion of hospital divisions, all make the 
original hospital configuration inadequate, and additions or alterations must be added to the building in order to meet both current 
and future needs. Because hospitals cannot suspend all medical practices or reject patients, the reconstruction of hospital building
must coincide with its normal hospital hours. This study focuses on how to carry out the hospitals’ reconstruction without 
interrupting regular hospital operations.  
The possible effects of a fire ignited in the construction area bridging the new and the original building to its neighboring 
respiratory care unit’s (RCU), and fire safety issues of those areas are analyzed using the FDS + EVAC software. The results 
show that when without the threat of fire, the fastest evacuation time for RCU was 19.3 minutes. This evacuation time can be 
further shortened if the door width increases to 2.0 meters or wider. In the event of a fire, human casualties will arise if the
patients cannot evacuate within a certain safety time window, even if the temperature is maintained under tolerable condition by
the sprinklers. Constructions, which are closely linked to fire accidents, are inevitable when expanding hospitals; therefore, this
study centers its attention on how to control fire-related factors and develop effective strategies specifically for evacuating RCU 
patients. 
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1. Preface
In general the public perceives hospitals as a highly secure facility because its job entitles providing a safe 
environment for its patients; however, the number of medical fire disasters around the globe shows otherwise. These 
disaster events shines light on the danger and potential fire threats that hospital patients will have to face while 
perusing for their health. 
Increasing patient numbers and demands for more hospital beds all makes the original hospital architecture 
inadequate and demands for hospital expansion. While additions or alterations must be added to the building in 
order to meet both human demands and medical needs, constructions within hospitals may have adverse effects on 
its patients. This paper will study the impact of construction fire on its neighboring respiratory care unit’s (RCU) 
evacuation when renovating or upgrading its medical care facilities.  
1.1. Purpose 
This study chooses the respiratory care unit (RCU) as a case study for designing a set of emergency response 
tactic for fires occurring within a hospital. The tactics are developed by considering aspects appropriate to 
emergency evacuation and fire hazard factors through the use of previous disaster case studies, literature review and 
software simulations. 
1.2.  Research methods
Definitions of pre-evacuation time and evacuation speed of patients were drawn from analyses of previous case 
studies and related literatures. Once the pre-evacuation time and evacuation speed are determined, the Fire 
Dynamics Simulator with Evacuation (FDS+EVAC) program is used to generate a RCU model with input factors 
such as the origin of fire, fire scale, sprinkler action and exit width to simulate under what conditions are the RCU 
patients allowed to be evacuated, what response measures should be taken, and how exit width and activation of 
sprinkler system affect patient evacuation.   
2. Discussions on pre-evacuation time 
Evacuation time of patients and staff often draws major attention because of the hospital’s diverse population, 
mix of patient conditions, and having multiple units on one floor. A hospital is a special facility for providing 
medical services to its patients. It includes a numerous type of wards, such as general wards, intensive care unit 
(ICU), psychiatric unit and so on. These hospital wards can be divided into type one and type two wards depending 
on the patients’ mobility [2]. 
According to reference, the RCU is categorized as type two ward, requiring 24 hour patient monitoring [2]. Since 
there are no discussions of RCU’s pre-evacuation time in previous references and studies, type two wards similar to 
RCUs, such as operating rooms and ICUs are chosen to investigate their pre-evacuation times and use it as a future 
reference and pre-evacuation time basis. 
2.1. Pre-evacuation time for operating room 
A New Zealand study through restoration of a disaster scene found that the steps necessary for removing a patient 
from the operating room requires a total of 9 minutes and 18 seconds: from the start of fire, followed by the decision 
to stop operation, preparation for evacuating the patient and finally pushing him/her out of the operating room [3]. 
Another study by domestic scholars through analyzing tapes from three Taipei hospitals on fire drills under 
different surgery operation scenarios obtained similar results. In studying the recordings, scholars observed that it 
merely takes 22 seconds for a medical personnel to push a patient under anesthesia out of the recovery room after 
hearing the fire alarm. However, if this were to take place during a thoracic tumor surgery, the medical personnel 
must first stop the bleeding from the patient’s pulmonary artery rupture, then evacuate. Thus, this scenario will 
require a longer period of preparation time, up to 599 seconds [4].  
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2.2. Different classes of patients and pre-evacuation time 
Prof. C.W. Johnson, from Glasgow University, UK, has conducted several patient evacuation drills andʳ studies 
analyzing data regarding hospital evacuation [5]. Survey results indicate that the pre-evacuation time for patients 
who can self-evacuate according to staff instructions lies between 30 to 90 seconds; for ambulatory patients who are 
dependent on medical instruments, their pre-evacuation time is between 180 to 900 seconds.  
2.3. Discussion 
The pre-evacuation times for operating rooms show that even with the help of a team of staff including surgeons, 
scrub nurses, anesthesia nurses and resident doctors, it still requires approximately 10 minutes to remove a patient 
under surgery from the operating room. From this, it is reasonable to infer that the pre-evacuation time will be 
longer for RCUs where staff number is limited and one medical personnel is in charge of multiple patients. The pre-
evacuation times proposed by Prof. C.W. Johnson are used as a reference for this study. 
3. Simulation 
The scenarios chosen for this study are the types of fire incidents such as construction fires or arson fires that are 
likely to occur during a construction project for renovating a hospital building and may affect its neighboring RCU.  
3.1.  Analog setting 
Four fire scenarios are used in this study, as shown in Figure 1a, and two heat release rates (HRR): construction 
fire (0.8MW) and arson (3MW) are simulated. Each scenario is followed by a brief discussion of how factors such 
as sprinkler system (Figure 1b) and door width at the area bridging the new and old building (Table 1 and 2) affect 
RCU evacuation. 
Fig.1.  (a) fire scenarios; (b) areas with sprinkler system 
Table 1. Simulation conditions for different fire scenarios 
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Fire scenarios HRR Activation of  sprinkler system 
Comparative case: No fire N/A No
Scenario 1: Bridging area accidentally caught on fire during 
construction 0.8MW YesЯNo 
Scenario 2: Arson attack at entrance to stairwell and RCU, in 
the original (old) hospital building 3MW YesЯNo 
Scenario 3: Construction fire within RCU 0.8MW YesЯNo 
Scenario 4: Fire occurs when renovating ward 0.8MW YesЯNo 
Table 2.  Evacuation setting of scenario 1 
Fire scenario Door width Activation of  sprinkler system 
1.8m YesЯNo 
2.0m YesЯNo 
2.2m YesЯNo 
Scenario 1: Bridging area accidentally caught on fire 
during construction (HRR = 0.8MW) 
2.4m YesЯNo 
3.2. Analysis of simulation results 
3.2.1. Visibility 
As shown in Figure 2a and 2b, sprinkler systems have little effect on the decreasing visibility. While visibility 
does not directly endanger human life, evacuation personnel may miss an emergency exit as a result of poor 
visibility.  
Figure 2. (a) visibility curves for the 4 scenarios under no sprinkler system actions; (b) visibility curves for when the sprinkler system is activated 
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3.2.2. Temperature 
The sprinkler systems are affective in decreasing fire temperature, as shown in Figure 3a and 3b. The temperature 
results for different fire scenarios are summarized as follows: 
3.2.2.1. Scenario 1 
According to Figure 3a and 3b, if the fire origin is within the bridging area regardless of whether the sprinkler 
system is activated or not, the temperature distribution in the RCU and evacuation routes will be within a tolerable 
range (below 60 к) for the human body.  
3.2.2.2. Scenario 2 
A stairwell to the RCU was set on fire and the temperature quickly rose to 80к (Figure 3a), but the fire was able 
to be controlled by the sprinkler system and is decreased by 50%. As for this scenario, because the stairwell was set 
on fire, vertical evacuation is not possible, a horizontal evacuation plan should be considered instead.  
3.2.2.3. Scenario 3 
A construction accident within the RCU resulted in a rapid growing fire. The temperature within the RCU will 
reach above tolerable level (60 к) within the first 92 seconds (1.5 min) prior to the activation of sprinkler system 
(Figure 3a). Once the sprinkler system activates, approximately 201 seconds (3.4 min) is required to decrease its 
surrounding temperature to 40к. Thus, for a fire within the RCU, the initial response should be firefighting instead 
of evacuating RCU patients. According to this simulation, RCU staff should start their initial firefighting response 
within the first minute. 
3.2.2.4. Scenario 4 
In Scenario 4, a fire was ignited from construction work when renovating a ward. While the sprinkler system is 
able to maintain a tolerable condition for evacuation, 40к (Figure 3b), horizontal evacuation is unsuitable because 
the fire origin is in the evacuation route. Evacuation should be halted until the fire is under control. 
Figure 3. (a) temperature curves for the 4 scenarios under no sprinkler system actions; (b) temperature curves for when the sprinkler system is 
activated
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3.2.3. Evacuation simulation 
After adjusting the relevant factors such as fire scenarios, door width of the RCU, and sprinkler system 
conditions, this study proposes 9 different evacuation scenarios and conducts 4 separate simulations (each lasting 
1800 seconds) for each scenario. As shown in Table 3, if the door width increases to 2 meters or larger, the RCU can 
evacuate its patients within 1110 seconds (18 min). However, bottlenecks will develop during evacuation with the 
normal door width of 1.8 meters. 
Table 3.  Evacuation time for simulations 1-4 
Evacuation for RCU patients (s) 
Fire scenarios Comparative case Scenario 1 
Door width 1.8m 1.8m 2.0m 2.2m 2.4m 
Sprinkler system N N Y N Y N Y N Y 
Simulation 1 1262s 1270s 1100s 1360 1210 1260 1110 1160 1150
Simulation 2 1190s * (9 people) * (14 people) 1270 1090 1230 1130 1330 1310
simulation 3 1210s * (19 people) 1340s 1200 1270 1050 1170 1320 1400
simulation 4 1160s * (9 people) * (15 people) 1350 1230 1160 1310 1320 1170
N = sprinkler system not activatedʳ ʳ Y = sprinkler system activated 
*(   ): Number of people who are stuck at bottle neck and will not be evacuated during the simulation time (1800 
seconds) 
3.2.3.1. Comparative case 
Under normal conditions, without fire and smoke, the evacuation time for a door width of 1.8 meters is between 
1160 to 1262 seconds (19.3 to 21 min). If the width extends to 2 meters or larger, the evacuation time can decrease 
up to 10% as shown in Table 4. 
Table 4.  Evacuation time for comparative case 
Door width Evacuation time (s) Time decreased if increasing door width (s) 
Time decreased if increasing door 
width (%) 
1.8m 1160~1262 --- --- 
2.0m 1040~1190 72~120 5~10 
2.2m 1100~1140 60~122 5~9.6 
2.4m 1070~1160 90~102 7.8~8 
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3.2.  1 
fect on visibility from the sprinkler system. 
re 
the 
n be safely evacuated from RCU.  
3.2. Scenario
As shown in Section 3.3.1, the simulation results display little af
Evacuation necks appears during evacuation regardless of whether the sprinkler systems is activated or not (Figu
4a and 4b), but if the door width is increase to 2 meters or more, all four simulation results confirm that all of 
patients ca
Evacuation neck 
               
Figure 4. (a) evacuation neck appears under the condition of no sprinkler action and door width = 1.8 m; (b) Evacuation neck still appears when
rinkler system is activated with door width = 1.8 m 
ons
While reduced visibility does not directly endanger life safety, poor visibility will prevent evacuees from clearly 
seeing labels on emergency exit signs and may result in missing of the exit. This study’s simulation on visibility 
shows little effect of sprinkler system on the reducing visibility during a fire. Even by increasing the door width, the 
visibility will continue to decrease and the development of evacuation necks is unavoidable.   
As reported by the simulation results, if ignition starts inside the RCU, the temperature will rapidly rise until the 
sprinkler system activates after t=201s (3.4 min). Therefore, if a fire occurs within the RCU, the staff should 
immediately resort to firefighting actions instead of evacuating patients. Based on Scenario 3, the RCU staff must 
start firefighting actions within the first minute of detection.  As for scenario 2, an arson attack in the stairwell 
leading to the RCU, the staff should be able to evacuate its patients, especially those with immediate danger (closest 
to the fire), under the protection of the sprinkler system. 
4.2. Evacuation simulatio
The development of evacuation necks can be av ncreasing the door width to larger t  2 meters as 
shown in e simulation results, in which the evacuation time can be decreased by 10% to 1110 seconds (18 min) 
Therefore, it is recommended to increase the door width for RCUs to greater than 2 meters for future renovations 
or construction projects. When a fire occurs, evacuation measures should be taken in stages according to the 
patients’ mobility. Patients who are able to self-evacuate should be evacuated in the first stage followed by those 
who need assistance from staff in the second stage. The third stage is for evacuating ambulatory patients who have 
no mobility. In additions, non-ambulatory patients should be placed near exit routes such that when a fire occurs, 
sp
4. Conclusion and recommendati
4.1. Fire scenario simulation 
n
oided by i han
 th
compared to with normal door width of 1.8 meters whose evacuation time is between 1160 to 1262 seconds (19.3 to
21 min).  
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is way the evacuation route will not be blocked, the evacuation can occur 
smoothly and reduce the affect of flam and smoke on patients.  
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